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TITHONIAN STRATIGRAPHY OF WEST CARPATHIANS 

STRATIGRAFIA TITÓNU ZÁPADNÝCH KARPÁT 

A b s t r a c t . Review of the present knowledge of the Tithonian stratigraphy 
in West Carpathians on the basis of modern paleontological, sedimentary-petro-
graphical, geological and lithological investigations (Table 1: distribution of Cal-
pionella, Table 2-3: review of the Tithonian stratigraphy in West Carpathians). 

Sedimentat ion took place in almost whole the Tithonian sedimentary district 
of West Carpathians. By D. A n d r u s o v (1959) we may distinguish on t h e 
basis of sedimentary development of t h e Dogger and Malm these geosynclinal 
and geanticlinal zones (from the north, respectively north-west to south): 

1. Elevated zone of Pavlovské kopce and Štramberk, 
2. Geosynclinal zone of Cetechovice, 
3. Geanticlinal zone of Czorsztyn, 
4. Geosynclinal zone of Pieniny, 
5. Geanticlinal zone of Tatrids, 
6. Geosynclinal zone of Veporids and Gemerids. 

Within these zones it is possible to distinguish series of the geosynclinal 
and geanticlinal zones of lower category. On the whole, geanticlinal zones are 
characterized by m o r e shallow-water developments than geosynclinal ones. 
In some geanticlinal zones sedimentation was interrupted or shallowed due 
to the young-Cimmerian movements. 

1. Elevated zone of Pavlovské kopce and Štramberk 
(Elaborated by Z. S t r a n í k and V. H o u š a) 

On t h e terr i tory of Czechoslovak socialist republic we consider as belonging 
to this zone occurences of the Tithonian limestones found in Pavlovské kopce 
and the vicinity of Š t ramberk and also t h e lower Těšín slates. 

Gradual transgression of sea from the Carpathian sedimentary district into 
that of t h e Št ramberk was at the beginning of the Upper (? Middle) Tithonian, 
into t h e sedimentary district of Pavlovské kopce already much earlier (pro­
bably in the Oxfordian). In the Št ramberk district arose a reef-sedimentation 
of the Š t ramberk limestones, in that of Pavlovské kopce deposited the Klentnice 

1 Prom. geol. V. H o u š a, Geological Institute of Czechoslovak Academy of Sciences, 
Spálená 49, Prague II. Prom. geol. E. S c h e i b n e r , Department of Geology of the Faculty 
of Natural Sciences of J. A. Comenius University, Gottwald's sq. 2, Bratislava. Prom, 
geol. Z. S t r a n í k , Central Geological Institute, Hradební 9, Prague 1. 
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beds which grade upwards into t h e E r n s t b r u n n limestones (a stratigraphical 
equivalent of the Št ramberk limestone). This reef-sedimentation was due to 
t h e elevation at the south-eastern margin of Bohemian massif. In t h e de­
pression of Bachowice deposited in t h e Tithonian the lower Těšín slates 
(M. K s i a ž k i e w i c z , 1956; Z. R o t h , 1982). 

T a l i l c 1. 
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Zone of Pavlovské kopce represented t h e southern par t of t h e geanticlinal 
zone of Pavlovské kopce—Štramberk. It emerges south of t h e river Dyje in 
front of the Zdánice nappe and in t h e south it continues in fragments into 
the zone of Waschberg in Austria. During t h e Jurass ic this region separated 
t h e geosynclinal sedimentary district from t h e epicontinental sedimentary 
district. Marine sedimentation in this zone is known probably from t h e Lower 
Malm (Oxfordian). In t h e Kimmeridgian to t h e Lower Tithonian and probably 
already in the Oxfordian deposited the Klentnice beds. They represent sediments 
of not too deep sea wi th conditions similar to that of the Black sea. Original 
extension of the Klentnice beds (K. J u t t n e r , 1933) as it was suggested 
formerly did not correspond with t r u e extension and therefore it was recently 
studied by A. M a t ě j k a and Z. S t r a n í k (1961—1962). F r o m nine types 
of K. J ú t t n e r (1933) belong to t h e Klentnice beds only four ones and beds 
found by recent investigations. Recently revized Klentnice beds are m a d e u p of 



TITHONIAN STRATIGRAPHY 5 

Uj 

S" — ä-

5 
Uj 

o 
N 

S fc! 2 
. u Q 
5 T f 
3 Í S 

ž / -
/ 

/ 

- TsmffcnlTOO xjpr!Hn.n/ŕpnj 
szcpHrfj2ípvn •ujjm.KmtfO') - -

'corp/s 7773 xfifffiHrnŕfxr) 
xnjnjpj norjjzniantytr) 

í ta i 

tSS6t)a3rvHN3»äl8 / 
3.N0J.S3HI1 IvaiONIäj/ 



6 HOUŠA, SCHEIBNER, STRANÍK 

grey to black-grey, locally light-grey to light-yellow sandy calcareous clay-
stones with mica which are a l ternated with grey to light-grey, sometimes red­
dish sandy or clayey limestones. In lower parts of the beds predominate clay-
stones wi th th in intercalations of limestones, only rarely to 120 cm thick. In 
upper par ts of the beds increases an amount of limestones. Intercalations of 
l imestones reach the thickness of 7 m. In t h e uppermost par t s of the limestones 
predominate and they are frequently oolithic, crionoidal or cherty. 

By the way of t h e sedimentary-petrographic analysis M. E l i á š (1961) 
distinguished in the Klentnice beds polydetrital l imestones (fine-grained, fine-
psefitic) and fine-grained to pelitomorph, sometimes organogenic-muddy. Cal­
careous claystones are composed of illite minerals of the montmori l lonite group, 
calcite and organic substance. 

These beds carry rich, but stratigraphically indiferent fauna. K. M a t z k a 
(1934) found here and described Apiocrinus mespiliformis S c h l o t h . , Apio­
crinus muelleri S c h l o t h . , Hemicidaris conoideus Q u e n s t , Hemicidaris 
mitratus Q u e n s t . , Thioliecrinus flexuosus G 1 d f., Terebratula bisuffarcínata 
S c h l o t h . , Terebratula insigbalis S c h u b l . , Terebratula saxonica B r u d e r 
var. ovalis, Rhynchonella normalis S u e s s , Waldheimia mägadiforviis Z e u s c h -
n e r, var. pentagonalis, Pecten moravicus R e m e š , Pecten aff. vimineus S o w., 
Pecten subtextorius M ú n s t., Lima (Ctenoides) ctenoides B o e h m. Protetra-
gonites quadrisulcatum (ď O r b.), Pseudovirgatites scruposus (O p p e l ) , Op-
pelia sp. V. P o k o r n ý (personal communication) found in these beds Ostra-
coda. Strat igraphical position of t h e Klentnice beds was established on the basis 
of comparatively poor Ammonites fauna found near Nieder Fel labrunn in 
Austria. L. F. S p a t h (1933) regarded this macrofauna as of Upper Kimmerid-
gian age, M. G l a e s s n e r (1937) as of Lower Tithonian age. J. W. A r k e l l 
(1956) compares this macrofauna with t h e Lower Tithonian fauna of southern 
G e r m a n y [F. B a c h m a y e r (1957)] and D. A n d r u s o v (1959) regards t h e 
Klentnice beds as of the Lower to Middle Tithonian age. 

By new micropaleontological investigations in these beds was found associa­
tion of similar species as t h a t found and described by V. P o k o r n ý (1959). 
E. H a n z l í k o v á (in press) quotes these species: Haplophragmoides aequalis 
( R o e m e r ) , Ammobaculites ex gr. suprajurensis ( S c h w a g e r ) , Gaudryina 
heersumensis L i t z e, Reophax horridus (S c h w a g e r), numerous arenaceous 
Foraminif era, Lenticulina brukmani M j a 11 j u k, Lenticulina múnsteri (R o e-
m e r ) , Marginulinopsis costata (B a t s c h ) , Planularia filosa ( T e r q u e m ) , 
Vaginulina ex gr. zaglobensis B i e l e c k a — P o z a r y s k i , Nodosaria striato-
jurensis K 1 ä h n, Marssonella cf. oxycona ( R e u s s), Tristix acutangulatus 
( R e u s s), Trocholina solecensis B i e l e c k a — P o z a r y s k i , Epistomina stel-
licostata Bi e l e c k a — P o z a r y s k i . E. H a n z l í k o v á regards this micro-
fauna as of t h e Kimmeridgian (or Oxfordian to Kimmeridgian) age. However, 
we suppose here also the Lower Tithonian. 

The thickness of the Klentnice beds is more t h a n 100 m. 
In the Lower Tithonian t h e epicontinental sedimentary district was emerged 

and t h e geosynclinal one deepened. In the district of Pavlovské kopce was shal­
lowing and regression of the sea (the uppermost Klentnice beds). Thus de­
veloped favourable conditions for the growth of reefs (lower portions of the 
E r n s t b r u n n limestones) — regressive reefs in t h e sense of T. A. L i n k (1950). 

The E r n s t b r u n n limestones were distinguished by A. B o u é (1830). They 
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grade u p w a r d s from the Klentnice beds. They represent predominant ly light-
grey and thick-bedded organogenously-detrital fine- to coarse-grained and 
yellowish-grey, green breccia-like limestones, less frequently massive and 
pulverized. In the lower portions occur th in intercalations and smudges of 
dark-grey sandy calcareous claystones 'and portions of light-grey to bluish-grey 
limestones, locally with honyed cherts, further wi th grey sandy-clayey and 
oolithic l imestones of the Klentnice type. Frequent ly we may find here also 
bioherms (light-grey to bluish limestones wi th corals, Stromatoporoidea etc.). 
The breccia-like limestones occur in the form of i rregular interbeds in organo-
detri tal l imestones (predominantly in the lowermost portions). They are com­
posed of fragments to blocks of imperfectly worked organo-detrital limestones 
closed in t h e basal sandy-clayey mass, sometimes with glauconite. In t h e upper­
most portions the organodetri tal l imestones are slightly reddish. In the lower 
par ts t h e y become brownish. Locally we may see t h e leaks (en the stratification 
planes and faults) of yellowish-green marls and dolomitized portions (J. M a-
t ě j k a , 1926). 

F r o m the sedimentary-petrographic point the Erns tbrunn limestones are 
composed of t h e detrital limestones, mainly of coarse-psammitic to fine-psefitic 
s tructure, fine-grained or lump, pseudooolithic and coarse-psefitic to breccia­
like (M. E l i á š in A. M a t ě j k a , Z. S t r a n í k , 1982). 

The macrof auna of the E r n s t b r u n n limestones was studied by K. M a t z k a 
(1934). Predominate Echinodermata (genera Cidaris L e s k e. Rhabdocidaris 
D e s o r, Apiocrinus M ú l l e r ) , Brachiopoda (Rhynchonella astieriana ď O r b . , 
Waldheimia K i n g., Terebratula besikidiensis Z e u s c h n., Terebratula insignis 
S c h l u b L, Terebratula tychoaviensis S u e s s ) , Lamell ibranchiata (mainly 
genera Pecten L a m k., Lívia B r u g., Ostrea L a m k . , Diceras L a m k . ) , and 
Gastropoda (genera Naíica, Pleurotomaria). 

F r o m bluish-grey limestones on Turcld J. P i a (1922) quotes Girvanella sp. 
(GirvaneUa minuta — D. A n d r u s o v, 1959) and Solenopora sp. In green 
cement of the breccia-like limestones and in green marls which fill u p cracks 
in t h e l imestones and fissures was found by E. H a n z l í k o v á microfauna of 
t h e Š t r a m b e r k biofacies with Trocholina sp. 

Strat igraphical ly the E r n s t b r u n n limestones belong to the Middle-Upper Ti-
thonian. Thickness of these limestones is 100—120 m. 

The E r n s t b r u n n limestones occur above t h e Klentnice beds. Only their lower­
most portions composed of the breccia-like limestones are laterally connected 
with t h e uppermost Klentnice beds. They may be regarded as isopic facies 
of t h e Š t r a m b e r k limestones (F. T r a u t h, 1948; D. A n d r u s o v, 1959). J. W. 
A r k e l l (1956) regards the fauna as a mixture of the Kelheim and Št ramberk 
faunas. With the E r n s t b r u n n limestones ends the Jurassic sedimentary cycle 
in the zone of Pavlovské kopce. 

The Š t r a m b e r k zone (recently studied by V. H o u š a) occupies on our ter­
r i tory t h e n o r t h e r n par t of t h e Pavlovské kopce—Štramberk zone approximately 
in space from Hranice to Ostrava. At the south it was probably separated from 
the Pavlovské kopce zone by peninsula which extended from t h e dry land 
of t h e Bohemian massif to the south-east toward to Carpathian district 
(Z. R o t h, 1959). At t h e south probably ended near the Bachowice depression 
(M. K s i c j ž k i e w i c z , 1956). The nor thern side then was represented by t h e 
Debice zone similar to that of Štramberk. 
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Suffusion of the Š t ramberk zone by a sea became as far as in the ? Middle-
Upper Tithonian. During this t ime developed the Š t ramberk limestones which 
occur now in some tectonic f ragments in t h e Silesian unit in t h e vicinity of 
Štramberk, single fragments n e a r Skalická, Němetice and Černotín and on the 
other hand in form of fragments, pebbles to blocks, frequent in the Cretaceous 
and Tertiary suites of the series: subsilesian, silesian and Magura (Z. R o t h 
and coll., 1962 a, b). The Št ramberk l imestone is predominant ly light-grey to 
white-grey, fine- to medium-grained, organodetri tal limestone, sometimes 
organodetr i tal-muddy or coarse-grained without distinct stratification which 
may be suggested only on the basis of the al ternation of beds of detr i tus (of 
various grains). Occassionally were found also organogenous limestones. The 
petrographic character of main types of t h e Š t ramberk limestones was de­
scribed by M. E 1 i á š (1962). 

F r o m rich fauna found in t h e Št ramberk limestones (the last detail list was 
described by F. B 1 a s c h k e, 1911 — about 600 species) very important for 
s trat igraphy are Ammonites : Virgatosphinctes transitorius ( O p p e l ) , Sublitha-
coceras senex ( O p p e l ) , Micracanthoceras micracanthum ( O p p e l ) , Aulacos-
phinctes fraudator ( Z i t t e l ) , Aulacosphinctes eudichotomus ( Z i t t e l ) , Dalma-
niceras progenitor ( O p p e l ) , Proniceras pronicum ( O p p e l ) , Berriasella 
oppeli ( K i l i á n ) , Berriasella richteri ( O p p e l ) , Pseudoargenticeras abscission 
( O p p e l ) and other, which m a y serve as evidence of the Upper Tithonian 
age. The Št ramberk l imestone probably corresponds to almost all t h e Upper 
Tithonian and t h e Uppermost Tithonian evidently is missing (V. H o u š a, 
1961 a, b). It is due to lacking of some species, charakterist ic in other areas 
(with continued sedimentation) for the Uppermost Tithonian, directly u n d e r 
the boundary Jurassic-Cretaceous such as Berriasella chaperi ( P i c t e t ) , Dalma-
niceras djanelidzei M a z e n o t, Neocomites suprajurensis (M a z e n o t) and 
other. 

F r o m the Št ramberk limestones A. K. Z i t t e l (1868), F. B l a s c h k e (1911) 
quote also such species of Ammonites which give an evidence for an earl ier 
age of t h e rocks from which they descend (Middle Tithonian). On some locali­
ties in t h e exotic blocks in t h e lowermost Lower Cretaceous suites were found 
Pseudovirgatites seorsus ( O p p e l ) and Pseudovirgatites scruposus ( O p p e l ) . 
The last species was found also in Št ramberk together with „ant ique" 
forms Virgatosimoceras kittli ( B l a s c h k e ) , Virgatosimoceras steindachneri 
( B l a s c h k e ) , Simoceras remesi B l a s c h k e , Aspidoceras rogoznikense 
Z e u s c h n e r etc. The accurate locality is not known now. Therefore it is out 
of the question that also in t h e Š t ramberk zone deposited already the beds 
of t h e Middle Tithonian (only its u p p e r parts). It must be pointed out t h a t 
the index Middle Tithonian forms [Protancyloceras S p a t h, Pseudolissoceras 
S p a t h, Semiformiceras semiforme ( O p p e l ) etc.] were not found in t h e 
Št ramberk limestones and i t is not impossible that the mentioned ant ique 
species may represent the lowermost Upper Tithonian. 

The boundary between the Št ramberk limestones and the Cretaceous is 
sharp. Jus t before t h e end of the Tithonian there was a regression of the sea 
in this region. The lowermost Cretaceous (Berrias and Valanginian) lies on t h e 
Št ramberk limestone transgressively (V. H o u š a, 1961 b). 

The Št ramberk l imestone is in main part composed of organic detr i tus of 
various grains. By V. H o u š a (1961 b) t h e Št ramberk l imestone represents 
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remains of detr i tal mater ia l descending from bioherms occuring near the coast 
of t h e Tithonian sea. H. E l i á š o v á - F r a j o v á (1962) and M. E l i á š (1962) 
suppose that the Š t r a m b e r k limestones represent t r u e Tithonian reef. The thick­
ness is to 500 m (Z. R o t h and coll., 1962 b). 

The further division of t h e Š t ramberk l imestone is not possible in recent 
t ime. Recent investigations among others are directed with a view to the strati-
graphical superposition in the single tectonic fragments which is a main facility 
for t h e future solution. 

The Kopřivnice l imestones (Nesseldorfer Kalkstein) up to present are re­
garded as Tithonian, as f a d e s of t h e Š t ramberk limestones are of t h e Lower 
Cretaceous age (Berrias) (V. H o u š a, 1961 b). This opinion u p to present is not 
general ly accepted. M. E l i á š (1962) supposes that t h e Kopřivnice limestones 
are t h e local equivalent of t h e lower p a r t of t h e Š t ramberk limestones. But 
t h e fauna of t h e Kopřivnice l imestones does not give an evidence of it 
(V. H o u š a , 1961b). 

The lower Těšín beds probaly are of the Tithonian age. They deposited in 
deeper, more distant from the coastal par t s of t h e Š t ramberk sedimentary 
district, parts . Dur ing the regression between Jurass ic and Cretaceous in the 
marginal parts of the Š t ramberk district occured t h e emersion (end of sedimen­
tat ion in the Š t ramberk limestones), in t h e central p a r t t h e n in consequence 
of it the change of the sedimentat ion which manifested in appereance of the 
l imestone beds associated wi th light-grey calcareous claystones which belong 
already to the Těšín l imestones (Berrias). 

2. Geosynclinal zone of Cetechovice 
(Elaborated by V. H o u š a) 

This zone extended south-east of the geanticlinal zone of Pavlovské kopce— 
Štramberk . The sea penet ra ted h e r e already in t h e Lias (Lukoveček) and kept 
a shallow-water character still in t h e Dogger. During the Malm this part icular 
geosyncline was deepened with m a x i m u m in the Tithonian. Deposited here 
t h e pelagic sediments, heteropic in connection with "reef" limestones of Pavlov­
ské kopce—Štramberk zone (D. A n d r u s o v, 1959). The pelagic sedimentation 
continues within this region without an interrupt ion to the Lower Cretaceous. 

The Tithonian sediments of Cetechovice zone were found in fragments in 
front of t h e Magura nappe and in t h e pebbles and blocks of conglomerate of 
the Soláň beds in t h e frontal par t of the Magura flysch. Their occurences are 
k n o w n near Kurovice, Cetechovice, Konečná, Holý kopec, Koryčany etc. 

Near Koryčany occur the Tithonian limestones in the tectonic fragment near 
t h e frontal par t of t h e Magura nappe. First ly they were described by E. F. 
C l o c k e r (1842), t h e n by K. Z a p l e t a l (1932); D. A n d r u s o v (1933, 
1959); E. M e n č í k, V. P e s l (1960) and A. M a t ě j k a (in T. B u d a y, 1960). 

The Tithonian here is developed in form of l ight-grey to grey fine-grained 
and massive, greenish-grey m u d d y limestones (beds of 10—50 cm thickness), 
which are a l ternated with to 1 m thick beds of marls of t h e same colours. 
Locally occur here thin inter layers of organodetr i ta l l imestones wi th fragments 
of Aptichi and Radiolaria. Besides Aptichi [Punclaptychus punctatus ( V o l t z ) , 
Lamellaptychus beyrichi ( O p p e l ) , Lamellaptychus lamellosus ( P a r k . ) ] , Ra­
diolaria (genera Sphaerozoum, Conosphaera, Cenellipsis, Ellipsoxiphus, Litha-
pum, Rhopalaslrum, Staurosphaera, Stichocapsa) in t h e limestones were found 
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numerou Calpionella alpina L o r e n z (D. A n d r u s o v, 1933). The mentioned 
fauna shows the Tithonian age. On t h e basis of Aptichi it is not out of the 
question also the Kimmeridgian age (compare D. A n d r u s o v , 1959). The 
thickness of the beds is about 100 m. 

Higher t h e Tithonian beds of t h e Kurovice fragment grade u p w a r d s into the 
green and grey variably sandy light-yellowish, brown marls. In the upper beds 
t h e y enclose numerous interbeds (2—10 cm thick) of fine-grained calcareous 
clayey sandstones (A. M a t ě j k a in T. B u d a y, 1960). D. A n d r u s o v (1959) 
quotes from these beds Lower Neocomian Aptichi and E. H a n z l í k o v á 
{in T. B u d a y, 1960) microfaunistic associations of the Valanginian to Aptian. 

Cetechovice. The Jurassic occurrences are south and south-east of Cetechovice 
in three fragments. Here is also t h e Kelloway ?, Oxfordian to Berriasian-Valan-
ginian. They were described by E. F. G l o c k e r (1842) and by m a n y other 
authors. Recently they were studied by F. C h m e l í k (1957) who quotes also 
all older l i terature. 

To t h e Tithonian belong light-grey Calpionella l imestones which occur in the 
n o r t h e r n occurences of the Cetechovice-type klippens (locality III of F. C h m e -
l í k ) . V. P o k o r n ý (in F. C h m e l í k , 1957) found here Calpionella alpina 
L o r e n z and Calpionella elliptica C a d i s c h. By V. U h l i g (1903) and 
F . C h m e l í k (1957) t h e Tithonian limestones on this locality were found in 
fragments (8 X 4 m) in conglomerates. Recent investigations do not exclude 
a possibility that this f ragment represents a block in t h e conglomerates of the 
Soláň beds (F. C h m e l í k , personal communication). 

Stratigraphically older beds (Kelloway? — Oxfordian — Argovian, Kimme­
ridgian) wi th numerous Ammonites (Cardioceras cordatum zone, Gregoryceras 
transversarium zone) were found in the eastern occurrence of Cetechovice 
(J. N e u m a n n , 1907). Strat igraphical ly higher beds t h a n Tithonian (Ber-
riasian-Valanginian) with Tintinnopsella carpaihica (M u r g e a n u — F i l i ­
p e s c u) and Calpionella sp. (V. P o k o r n ý in F. C h m e l í k , 1957) appear 
in t h e central occurrence of t h e Cetechovice-type klippens (locality II of 
F. C h m e l í k ) . 

Near Vigantice were found the Tithonian limestones in the tectonic fragment 
in the Krosno beds of the silesian unit south-east of t h e village near t h e settle­
m e n t Na Vápenkách before the front of the Magura kl ippen (B. Z a h á l k a , 
1927; E. O p p i , 1930; V. S ú s t a , 1942; A. M a t ě j k a ; Z. R o t h, 1947). 

They are represented by light-grey massive, fine-grained irregularly bedded 
limestones. J. K o u t e k (in B. Z a h á l k a , 1927) found here numerous speci­
mens of Calpionella alpina L o r e n z , calcified Radiolaria and silicified parts 
(concrecias). E. O p p i quotes from these beds Lamellaptychus beyrichi 
( O p p e l ) , Punclaplychus punctatus ( V o l t z ) , Belemnites and spines of echini. 
Very abundant are recrystallized spiculae of sponges and Foraminifera 
(M. E 1 i á š in Z. R o t h, 1962). 

In t h e frontal part of t h e Magura kl ippen occur the Tithonian limestones 
of the Cetechovice zone mainly in the form of pebbles and blocks in the con­
glomerates of t h e Soláň beds (Holý kopec near Koryčany) and perhaps in t h e 
form of small klippens (Konečná). 

Near Konečná (867,5 m) south of the road between Bílá and Turzovka A. M a-
t ě j k a and Z. R o t h (1949) described t h e klippens of white massive l imestone 
and brown-grey fine-grained pseudooolithic l imestone (Z. R o t h , 1962). 
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On Holý kopec near Koryčany the Tithonian light-grey slightly yellowish 
massive limestones occur in the form of pebbles and blocks in unsorted coarse­
grained to block-like conglomerates of the Soláň beds. D. A n d r u s o v (1932, 
1959) describes here Calpionella elliptica C a d i s c h , Radiolaria, spiculae and 
sponges, Foraminifera and remains of Mollusca. 

The pebbles of the Tithonian limestones are extended in whole the frontal 
area of t h e Magura nappe (mainly in Chřiby). In direction toward the i n n e r 
par ts of the Magura flysch we may observe the distinct decreasing of these 
pebbles (A. M a t ě j k a in T. B u d a y, 1960). 

Extension of the pelagic Tithonian limestones in the beds of various sediment­
ary units shows that an extent of t h e geosynclinal zone of Cetechovice was 
not t h e same as in t h e la ter zone in the Upper Cretaceous and Paleogene. 

3. Geanticlinal Czorsztyn zone 
(Elaborated by E. S c h e i b n e r ) 

In the region of the part icular Pienidy geosyncline in which deposited suites 
building the recent kl ippen belt w e may distinguish from north to south t h e 
main series as follows: Czorsztyn geanticlinal, Pieniny deep-water, Haligovka-
KÍape, geanticlinal and between these series of t h e transit ional developments 
and series: Pruské, Podbiel, Czertezik, Niedzica developments and Kysuca, 
Branisko series (E. S c h e i b n e r , 1961). 

The Tithonian of the Czorsztyn series from the biostratigraphical s tand­
point is very completely characterized. 

The Lower Tithonian (zone with Taramelliceras lithographicum) is represented 
by t h e subpel i tomcrph red and white nodular l imestones of the Czorsztyn t y p e 
(K. B i r k e n m a j e r , 1957). Up to present from these limestones is known 
only Calpionella alpina L o r e n z (Tithonian), also Globochatea alpina L o m ­
b a r d . Locally instead of Calpionella l imestone occur pink and white Globo-
chaete limestones. These limestones represent in fact the uppermost part of 
the Czorsztyn limestones which are on a whole of the Kalloway (Bathonian) 
to Kimmeridgian age, characterized by rich Ammonites fauna. The thickness 
is 8-10 m. 

The Middle Tithonian (zone with Semiformiceras semiforme) is represented 
by t h e known Rogožnik beds wi th typical and rich Cephalopoda fauna, de­
scribed mainly by K. Z i 11 e 1 (1870). Lithologically they are composed of organ-
'Ogenous Brachiopoda and Ammonites breccia, crinoidal limestones, massive 
light pink limestones with Calpionellas and Globochaete. The thick­
ness is about 10 m. In these beds was found fauna as follows: Globochaete 
alpina L o m b a r d , Calpionella alpina L o r e n z, Calpionella elliptica C a-
d i s c h, Lamellaptychus beyrichi ( O p p e l ) , Phylloceras serum O p p e 1, Cali-
phylloceras kochi ( O p p e l ) , Ptychophylloceras ptychoicum (Q u e n s t.), Holco-
phylloceras silesiacum (Z i 11.), Lytoceras montanum ( O p p e l ) , Protetragonites 
quadrisulcatum (ď O r b.), Haploceras rasile O p p e l , Haploceras elimatum 
O p p e l , Semiformiceras semiforme ( O p p e l ) , Aspídoceras rogoznikense 
(Z e u s c h n e r), Simoceras valanense (O p p e 1), Simocosmoceras catulloi (Z i t -
t e l ) , Simocosmoceras adversum ( O p p e l ) , Simocosmoceras simum ( O p p e l ) , 
Peripshincles pseudocolubrinus K i l i á n , Lithacoceras geron (Z i 11.), Sub-
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planites contiguus ( C a t . ) , Micracanthoceras micracanthum (O p p e l ) , Bochia-
nites guembeli. 

K. Z i 11 e 1 (1870) Írom the Rogoznik beds quotes Taramelliceras lithograph-
icum (O p p e 1) which W. J. A r k e l l (1956) is not regarded as identical with 
holotype. Now, on t h e basis of our knowledge of the facial var iety of t h e 
Czorsztyn series we may suppose t h a t locally the Rogoznik beds occur already 
in the lowermost zone of the Tithonian and from these portions descends 
Zittel's found of Taramelliceras lithographicum (O p p e 1). By this way we may 
explain also an appearance of some younger elements in fauna. The pre­
dominant par t of the Rogoznik beds represents t h e zone with Semiformiceras 
semiforme. F r o m this follows that by K. Z i 11 e 1 (1870) described fauna is prob­
ably mixed and represents mainly t h e II. zone of t h e Tithonian with elements 
of the I. and III. zones. 

The Upper Tithonian. In the klippen belt in Eastern Slovakia near Kyjov 
and Paloča M. N e u m a y r (1871) found and described from white-grey veiny 
limestones these species: Protetragonites quadrisulcatum (ď O r b . ) , Phylloceras 
serum ( O p p e l ) , Ptychophylloceras ptychoicum ( Q u e n s t . ) , Holcophylloceras 
silesiacum ( O p p e l ) , Haploceras elimatum ( O p p e l ) , Substreblites zonarius 
(O p p e 1), Virgatosphinctes transitorius, Micracanthoceras micracanthus (O p -
p e l ) . This association is very similar to that of the Š t ramberk limestones, i. e. it 

' is of the Upper Tithonian age. By K. B i r k e n m a y e r (1957) in the Pieniny 
klippen belt above the Rogoznik beds lay red, variegated crinoidal limestones, 
sometimes nodular wi th Globochaete alpina L o m b., Tintinnopsella carpathica 
(M u r g. et F i l i p e s c u) (Upper Tithonian-Berriasian), further white, greenish, 
pink, organodetri tal l imestones wi th scarce Crinoids, with Globochaete alpina 
L o m b. and Calpionella elliptica C a d i s c h. 

Special development occurs in Považie, represented by grey massive or fine­
grained limestones. Up to present was found only Lima paradoxa Z i 11. This 
development resembles the Št ramberk one in t h e character of limestones, how­
ever, wi thout determinable fossils. Strat igraphical ly it represents t h e Neocomian 
as K. B o r z a (1960) found here Calpionellites darderi ( C o l o m). 

At t h e end of the Tithonian, respectively Neocomian, the sedimentation in 
the Czorsztyn series at m a n y places was interrupted. K. B i r k e n m a j e r 
(1953) supposes only submar ine erosion. D. A n d r u s o v, E. S c h e i b n e r, 
V. S c h e i b n e r o v á , J. Z e l m a n (1959) found evidences of considerable 
erosion. On the eroded surface of the Malm limestones (grey, pink, massive 
limestones wi th remains of planctonic Crinoids — Saccocoma — which are typ­
ical for the Kimmeridgian, Lower Tithonian) transgredes the Albian [variegated 
mar ly limestone, marly slates with Globigerinas and Ticinella roberti (G a n d.)]. 
This occurrence apparent ly represents a .manifestation of Youngcimmerian move­
ments which took place with various intensity and in various t ime in the 
geanticlinal sedimentary district of the Czorsztyn series. 

4. Pienidy geosynclinal zone 
(Elaborated by E. S c h e i b n e r) 

The Tithonian of the Pieniny series s. s. is made u p of thick suite of cherty 
marly massive light-grey limestones of the "b iancone" type (Hornsteinkalk, 
M. N e u m a y r, 1871). Microscopically they represent pel i tomorph limestones 
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with Radiolaria and Calpionellas. In the Tithonian occurs Calpionella alpina 
L o r e n z , Calpionella elliptica C a d i s c h . In the Uppermost Tithonian t o 
Berriasian appears Tintinnopsella carpathica (M u r g. et F i l i p . ) and higher 
t h e Neocomian association of Calpionellas. In fine-grain'ed variety of the l ime­
stones are a b u n d a n t Coccolites, representat ives of genus Nannoconus K a m p t -
n e r. Lacking are w h a t e v e r traces of t h e accumulation of detrital mater ia l 
(D. A n d r u s o v , E. S c h e i b n e r , 1960). Locally in these limestones occur 
numerous Aptichi [Lamellaptychus beyrichi (O p p e 1)], in u p p e r portions w a s 
found Lamellaptychus angulocostatus ( P e t e r s ) which may serve as an evid­
ence of grading u p w a r d s into the Neocomian. 

Between t h e (4) Czorsztyn geanticlinal and (5) Pieniny geosynclinal series 
deposited suites in which on t h e basis of differences in sedimentation w e r e 
distinguished numerous transit ional developments and series (see below). 

In t h e transit ional developments t h e Tithonian is made u p of t h e u p p e r 
nodular limestones. In the Pruské development red nodular l imestones grade 
u p w a r d s into yellowish, massive, pel i tomorph limestones with Calpionella alpina. 
L o r e n z and Calpionella elliptica C a d i s c h . F r o m t h e nodular limestones 
descends Protetragonites quadriculcatum (ď O r b . ) . 

By K. B i r k e n m a j e r (1960) in the transi t ional developments (Czertezik 
and Niedzica) the Lower Tithonian is composed of Calpionella l imestones of 
2—4 m thickness. Sedimentat ion in t h e Middle and Upper Tithonian was inter­
rupted. In some par t s of t h e Niedzica development whole t h e Tithonian is built 
by t h e upper nodular limestones. 

The Tithonian-Berriasian of t h e Kysuca, Branisko series is made u p of a suite 
of pink l imestones of t h e '"biancone" type. They represent massive, sublitho-
graphic bedded, sometimes thickbedded limestones with abundant stylolites 
and scarce dark cherts. Between layers of t h e l imestones occur single interbeds 
of mar ly slates of grey colour. I m p o r t a n t are microorganisms in t h e lower part 
of the suite: Calpionella alpina L o r e n z , Calpionella elliptica C a d i s c h and 
higher appears Tintinnopsella carpathica (M u r g. et F i l i p . ) . Very abundant 
is Globochaete alpina L o m b . and Nannoconus K a m p t n e r . F r o m macro-
fossils were found: Lamellaptychus beyrichi ( O p p e l ) , Lamellaptychus lamel-
losus ( V o l t z ) , Ptychophylloceras ptychoicum ( Q u e n s t ) , Rhynchonella spo-
liata (S u e s s). This suite grades u p w a r d s into the Neocomian (D. A n d r u s o v , 
E. S c h e i b n e r , 1960). 

In t h e southernmost par t of t h e Pieniny part icular geosyncline were d e ­
posited suites which build t h e Haligovka-Klape series, which is of shallow-
water character. The Tithonian of t h e Haligovka series is composed of a suite 
of cherty limestones wi th similar microfauna as in other kl ippen series. 

It is obvious t h a t there is a t raansi t ional series between the Pienidy and Ha­
ligovka-Klape series. It is possible that it shows affinities to the Kysuca and 
Branisko series. It is fur ther possible that some of recently known kl ippens 
built by the Kysuca series are of this type. Probably also the Podbiel develop­
m e n t deposited in this region. The Tithonian-Neocomian in this region is ident­
ical wi th the Tithonian-Neocomian of t h e Kysuca series as well as it is in t h e 
Podbiel development. 
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5. TatHd geanticlinal zone 
(Elaborated by E. S c h e i b n e r) 

South of the part icular Pieniny geosyncline laid the Tatrid sedimentary 
district which was in general of the shallow-water character. Deposited here 
suites building the so called mant le series of t h e core mounta ins of Central 
West Carpathians. 

Somewhere between t h e Pieniny and Tatr id regions extended the "exot ic" 
series (K. B i r k e n m a y e r , 1960) from which descends t h e exotic mater ia l of 
the Upper Cretaceous exotic conglomerates. 

The Manin series which is a tectonic member of t h e kl ippen belt has t h e 
Tithonian composed of mar ly limestones of grey colour without cherts and 
with Calpionella alpina L o r e n z (M. M i š í k, 1957). 

In t h e Hightatr ic series of High T a t r a t h e Tithonian is composed of whi te 
and light-grey limestones in the upper par t s of which was found Calpionella 
alpina L o r e n z. 

In t h e Siprún series t h e Tithonian is made u p of a thick suite of bedded 
cherty limestones of "b iancone" type wi th Calpionella alpina L o r e n z. 

In other Tatric series we may found var ious var iants of the mentioned two 
types of rocks. 

6. Geosynclinal zone of Veporids and Gemerids 
(Elaborated by E. S c h e i b n e r) 

South of the Tatrid district extended the sedimentary district of the Veporids 
and Gemerids which o n a whole was of a deep-water character. Deposited 
here series, later folded in form of nappes and overthrust the Tatr id zone (see 
D. A n d r u s o v , 1959; D. A n d r u s o v, J. B y s t r i c k ý , 1959). 

In t h e Križná series (lowermost tectonic unit) t h e Tithonian is made u p of 
a suite of bedded marly l imestones wi th Calpionella alpina L o r e n z, Calpionella 
elliptica C a d i s c h. It represents a monotonous suite granding u p w a r d s into 
t h e Neocomian. F r o m Small Tat ra is k n o w n Proteragonites quadrisulcatus 
( Q u e n s t . ) . F r o m microorganisms occur h e r e in abundance Calpionella alpina 
L o r e n z and Calpionella eliptica C a d i s c h, Radiolaria and representat ives 
of the genus Nannoconus K a m p t n e r. 

In the Choč series (higher tectonic unit) the Tithonian is composed of bedded 
marly limestones with interbeds of slates which grade u p w a r d s into t h e Neo­
comian as well as in the Križná unit . The microfauna is similar to t h a t of t h e 
last mentioned series. 

In the Gemerids series of probably Upper Jurass ic age are cherty l imestones 
with Aptichi and Belemnites. 

Conclucions 

On a whole in Central Carpathians we may distinguish two developments 
of the Tithonian: deep-water, respectively pelagic, deposited in the part icular 
geosynclines, m a d e up usually of monotonous suite of bedded massive pelito-
morph limestones, frequently of "b iancone" type wi th cherts which grade u p ­
wards into the Neocomian. The second development is more shallow-water,. 
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geanticlinal, composed of various types of organogenous limestones. At the 
margin of the platform which represented t h e foreland of t h e Carpath ian geo-
syncline grew t h e coral reefs and by t h e destruction of these reefs developed 
t h e Stramberk-type limestones, respectively other types of t h e organogenous 
limestones. 

The first development has only poor and scarce fossils and usually it is 
lithologically undist inguishable from t h e Neocomian. For the s t rat igraphy very 
important are Calpionella alpina L o r e n z, Calpionella elliptica C a d i s c h and 
in t h e Upper Tithonian together with two last forms Tintinnopsella carpathica 
( M u r g . et F i l i p . ) . Very rich and abundant is Globochaete alpina L o m b., 
representat ives of the genera Stomiosphaera W a n n e r and Nannoconus 
K a m p t n e r . The representat ives of the last genus are of the rock-building 
importance. Abundant are also Radiolaria. The rests of the last organisms 
composed of SÍO2 represent a source of SÍO2 for cherts in the limestones. An 
a t tempt to use Aptychi for establishing of accurate s t rat igraphy (S. M. G o s i a-
r o w s k i , 1959) was not yet realized. Scarcely occur Ammonites on the basis 
of which we may establish an approximate strat igraphy. 

Geanticlinal developments are rich in fossils and therefore they were dis­
t inguished into zones in the Tithonian. Facial variety is a reason of unpossibility 
to applicate observations from the type localities wi thout detailed study in field. 

The most rich macrofauna occurs in t h e Rogožnik breccias which pre­
dominantly belong to the middle zone of t h e Tithonian with Semiformiceras 
semiforme. Due to the facial variety these types of rocks occur locally more 
earlier in t h e 1st zone, locally higher in I l l rd zone which u p to present was 
a m a t t e r of discrepances and discussion as K. Z i 11 e 1 (1870) quoted forms from 
all k n o w n occurrences of the Rogožnik breccias together. 

Translated by V. S c h e i b n e r o v á. 
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